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(57)Abstract 

PURPOSE: To improve the cooling efficiency of a P-N junction nitrogen- 
gallium semiconductor chip by a method wherein a pair of electrodes on a 
semicondutor chip and the opposing electrode on a heat conducting 
insulatign spacer are fixed by a conductive bonding agent with heat 
conductivity. 

CONSTITUTION: An N-type GaN laser 82, an N-type InGaN layer 84 and a 
P-type GaN layer 86 are laminated on a saphire substrate 80 which is a 
growth substrate. A semiconductor chip 8 is fixed on a supporting plate 4 
through the intermediary of a heat conductive insulating spacer 6 which is 
larger in size than the semiconductor chip 8, and a pair of electrodes 88 and 
92 of the semiconductor chip 8 are formed on the P-type G aN layer 86, 
which is opposing to the supporting substrate 4, and the N-type GaN layer 
82. On the other hand, opposing electrodes 60 and 62 are formed on the 
position of the heat conductive insulating spacer 6 which is corresponded to 
the electrodes 88 and 92 of the semiconductor chip 8, and the electrodes 
88 and 92 of the semiconductor chip 8 and the opposing electrodes 60 and 
62 are fixed by conductive bonding agents 94 and 96 having excellent heat 
conductivity. 




LEGAL STATUS 

[Date of request for examination] 25.03.1996 

[Date of sending the examiners decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 2728190 
[Date of registration] 1 2.1 2.1 997 

[Number of appeal against examiners decision of rejection] 
[Date of requesting appeal against examiner s decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www19.ipdljpo.gojp/PA1/result/detail/main/wAAAYvaGFIDA406232510P1.htm 



03/08/27 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] == " === " " = 

[Claim 1] A growth substrate, and n form and p form gallium-nitride layer which were formed one by one on this growth 
substrate, In the semiconductor laser element with which a semiconductor chip with the electrode of the couple formed in 
these p forms and n form gallium-nitride layer, respectively is prepared on a support substrate at least The aforementioned 
semiconductor chip is being fixed on the support substrate through the thermally conductive larger insulation spacer than 
the size of a semiconductor chip. The electrode of the couple of the aforementioned semiconductor chip is formed in a 
support substrate, p form which counters, and n form gallium-nitride layer, respectively. It is the semiconductor laser 
element which a counterelectrode layer is formed on the other hand on these electrodes and the aforementioned thermally 
conductive insulation spacer which countered, and is characterized by fixing the aforementioned electrode and the 
counterelectrode layer by the electroconductive glue with thermal conductivity. 

[Claim 2] The semiconductor laser element according to claim 1 characterized by for the growth substrate of the 
aforementioned semiconductor chip consisting of a sapphire substrate, and the aforementioned thermally conductive 
insulation spacer consisting of the thermally conductive good quality of the material from the sapphire substrate. 
[Claim 3] The electrode formed in the aforementioned n form gallium-nitride layer is a semiconductor laser element 
according to claim 1 or 2 characterized by being formed by **********jng in a part of p form gallium-nitride layer. 
[Claim 4] The counterelectrode layer formed in the aforementioned thermally conductive insulation spacer is a 
semiconductor laser element according to claim 1 to 3 characterized by having extended outside the polymerization section 
with a semiconductor chip. 

[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the semiconductor laser element which used the compound semiconductor 
layer of a p-n junction gallium-nitride system, and relates to improvement of the semiconductor laser element which raised 
cooling efficiency especially. 
[0002] 

[Description of the Prior Art] In the semiconductor laser element using the gallium-nitride system compound semiconductor, 
it considers as the substrate to which the crystal growth of the gallium-nitride layer is carried out, and the SAFUYAIYA 
substrate is used abundantly. On this SAFUYAIA substrate, the laminating of an n form GaN layer, an n form InGaN layer, and 
the p form GaN layer is carried out one by one, subsequently to an n form GaN layer and p form GaN layer top, an electrode 
is formed, respectively and a semiconductor chip is formed Then, while fixing the sapphire substrate of a semiconductor chip 
to the support substrate of a stem, an electrode is connected to the electrode terminal which connected with the external 
power supply electrically and was prolonged on the stem, respectively. A semiconductor laser element is produced by 
enclosing inert gas with the interior by a closure metal member and a stem with the window part. 
[0003] However, with the semiconductor laser element produced in this way, the SAFUYAIYA substrate of thermal 
conductivity under a semiconductor chip was bad, the Joule's heat generated in the semiconductor chip did not get across to 
the support substrate of a stem, as a result the cooling efficiency of the whole semiconductor chip was bad. and a result 
which spoils an element life remarkably was brought. 
[0004] 

[Problem(s) to be Solved by the Invention] therefore, this invention is made in view of such a situation, and the place made 
into the purpose is looked like [ offering what was excellent in especially the cooling efficiency of a semiconductor chip ] in 
the semiconductor laser element using the gallium-nitride system semiconductor chip which has p-n junction 
[0005] 

[Means for Solving the Problem] this invention person etc. has proposed fixing to a stem a gallium-nitride semiconductor 
layer [ not the sapphire substrate to which the crystal growth of the gallium-nitride semiconductor layer was carried out 
but ] side, namely, turning a sapphire substrate up in the light emitting diode (Light Emitting Diode) of a gallium-nitride 
system compound semiconductor (Japanese Patent Application No. No. 289495 [ four to ]), and this invention person etc. 
came to complete this invention wholeheartedly as a result of research that this should be applied to a laser element 
[0006] Namely, n form with which the above-mentioned purpose was formed one by one on a growth substrate and this 
growth substrate and p form gallium-nitride layer, In the semiconductor laser element with which a semiconductor chip with 
the electrode of the couple formed in these p forms and n form gallium-nitride layer, respectively is prepared on a support 
substrate at least a semiconductor chip It is fixed on the support substrate through the thermally conductive larger 
insulation spacer than the size of a semiconductor chip. The electrode of the couple of a semiconductor chip is formed in a 
support substrate, p form which counters, and n form gallium-nitride layer, respectively. On the other hand on these 
electrodes and the thermally conductive insulation spacer which countered, a counterelectrode layer is formed, and an 
electrode and a counterelectrode layer are solved by the semiconductor laser element characterized by being fixed by the 
electroconductive glue with heat conductivity. 

[0007] The electrode which the growth substrate of a semiconductor chip consists of a sapphire substrate, and the thermally 
conductive insulation spacer consists of the thermally conductive good quality of the material from the sapphire substrate 
suitably, and was formed in n form gallium-nitride layer is formed by **********ing in a part of p form gallium-nitride layer. 
[0008] Furthermore, it is desirable that the counterelectrode layer formed in the thermally conductive insulation spacer has 
extended outside the polymerization section with a semiconductor chip. 
[0009] 

[Function] Although a part of Joule's heat generated in p form of a semiconductor chip and n form gallium-nitride layer is 
emitted into inert gas through the growth substrate of a semiconductor chip Even if it is the quality of the material of a bad 
thermally conductive growth substrate like a sapphire substrate, in this invention Since a conductive insulation spacer is 
formed between a semiconductor chip and the support substrate of a stem, the great portion of Joule's heat Since it 
conducts to the support substrate of a stem through an electrode, an electroconductive glue with thermal conductivity, a 
counterelectrode, and a thermally conductive insulation spacer, the cooling efficiency of a semiconductor chip is improved 
remarkably. 

[0010] If the growth substrate of a semiconductor chip consists of a sapphire substrate and the thermally conductive 
insulation spacer consists of the thermally conductive good quality of the material from the sapphire substrate By being 
formed when the electrode which was desirable and was formed in n form gallium-nitride layer from the thermally conductive 
point **********s in a part of p form gallium-nitride layer Easily, while an electrode and the counterelectrode on a thermally 
conductive insulation spacer are electrically connectable by the good electroconductive glue of heat conductivity, a 
semiconductor chip is fixable to the support substrate of a stem. 

[001 1] the counterelectrode layer formed in the thermally conductive insulation spacer has extended outside the 
polymerization section with a semiconductor chip — a game — an electrode layer is electrically connectable with the 
electrode terminal of a stem easily with a suitable bonding means, respectively 
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[0012] 

[Example] Hereafter, one example of this invention is explained, referring to drawing 1 and drawing 2 . 
[0013] The schematic diagram of the semiconductor laser element of this invention makes a part a cross section, and is 
shown in aVawing_1_ . This semiconductor laser element possesses the stem 2, and this stem 2 has the support substrate 4 
prolonged perpendicularly. On the support substrate 4, the semiconductor chip 8 is being fixed through the thermally 
conductive insulation spacer 6 so that it may explain in full detail later, the closure metal for on the other hand closing the 
suitable inert gas for the interior in the periphery section of a stem 2 — the member 10 is prolonged and the window part 12 
for penetrating a laser beam prepares above a semiconductor chip 8 — having — **** — a window part 12 and a closure 
metal — the member 10 is joined airtightly And the electrode terminal 14 of the couple electrically insulated by the part of a 
semiconductor chip 8 and the estranged stem 2 at least by one side is perpendicularly prolonged to the stem 2. 
[0014] When the structure of a semiconductor chip 8 and the support substrate 4 is explained referring to drawing 2 which 
makes a cross section and is shown in the position in the sign A in drawing 1 , next, the semiconductor chip 8 of this 
invention It has the SAFUYAIYA substrate 80 which is a growth substrate from a far side to the support substrate 4. on this 
sapphire substrate 80 The laminating of n form gallium-nitride layer (henceforth an n form GaN layer) 82 and n form indium- 
nitride gallium layer 84 (henceforth an n form InGaN layer), and the p form gallium-nitride layer 86 (henceforth a p form GaN 
layer) is carried out. 

[001 5] the periphery section on the p form GaN layer 86 — by a part of n form InGaN layer 84 and n form GaN layer — 
crossing — a suitable etching means — a notch — him — the aluminum electrode 88 is formed in ****** and this part On 
the other hand, the insulating protective coat 90 is formed in the periphery section on the OFF chip ****** p type GaN layer 
86 of etching, and the nickel electrode 92 is formed ranging from the core to the insulating protective coat 88 top on the p 
form GaN layer 86. 

[0016] Counterelectrodes 60 and 62 are formed in the part of the thermally conductive insulation spacer 6 corresponding to 
the aluminum electrode 88 and the nickel electrode 92 of a semiconductor chip 8, respectively, and the aluminum electrode 
88 and the nickel electrode 92, and counterelectrodes 60 and 62 of a semiconductor chip 8 are being fixed to it by the good 
electroconductive glues 94 and 96 of heat conductivity, respectively. Electroconductive glues 94 and 96 can connect 
electrically the aluminum electrode 88 and the nickel electrode 92, and counterelectrodes 60 and 62 of a semiconductor chip 
8, and consist of an indium, a silver paste, solder, etc. that what is necessary is just the thermally conductive good quality of 
the material. 

[0017] The thermally conductive insulation spacer 6 is an insulator, and consists of a ceramic of silicon, thermally conductive 
good thing, for example, diamond, or others from the thermally conductive good thing and the sapphire substrate 80 which is 
a growth substrate suitably. The support substrate 4 of a stem 2 is equipped with this thermally conductive insulation spacer 
6 through adhesives 64. Adhesives 64 consist of a thermally conductive good thing, for example, consist of the same indium 
as electroconductive glues 94 and 96, a silver paste, solder, etc. 

[0018] Next, the concrete manufacture method of the semiconductor laser element constituted in this way is explained. First, 
a GaN buffer layer is formed in the Cth page of the sapphire substrate 80 by 200A of thickness by the MOCVD system, the n 
form GaN layer 82 which doped Si is formed by 4 micrometers of thickness on it and the p form GaN layer 86 which is 200A 
of thickness about the n form InGaN (in0.2 Ga0.8 N) layer 84 which doped Si, and doped Mg on it further subsequently to a it 
top is grown up one by one by 0.5 micrometers. 

[0019] A wafer is removed from an MOCVD system after p form GaN layer 86 growth, it newly puts into electron-beam- 
irradiation equipment, electron beam irradiation is performed at 700 degrees C, and p form GaN equipment is further formed 
into low resistance. 

[0020] Subsequently, a predetermined pattern is formed by the photoresist on the p form GaN layer 86, and it **********s 
until it penetrates the n form InGaN layer 84 and reaches the n form GaN layer 82 in a part of p form GaN layer. 
[0021] A resist is exfoliated after an etching end, the insulating protective coat 90 is formed in the predetermined position of 
the p form GaN layer 86, subsequently, an electrode pattern is again created by the photoresist and the aluminum electrode 
88 and the p form GaN layer 86nickel electrode 92 are formed in the n form GaN layer 82 by vacuum evaporationo. Then, a 
wafer is cut into a semiconductor chip 8 by dicing. 

[0022] On the other hand, about the thermally conductive insulator spacer 6, an electrode pattern is formed by the 
photoresist on Si wafer substrate of a non dope, and counterelectrodes 60 and 62 are formed by vacuum evaporationo, for 
example. Then, a wafer is made into larger predetermined size than a semiconductor chip 8 by dicing at the letter of a chip. 
And join the thermally conductive insulation spacer 6 of counterelectrodes 60 and 62 and an opposite side to the support 
substrate 4 of a stem 2 for example, with Ag paste, and it is made to counter mutually with the counterelectrodes 60 and 62 
on the thermally conductive insulation spacer 6, the aluminum electrode 88 of a semiconductor chip 8, and the nickel 
electrode 92, and inter-electrode is joined by electroconductive glues (Ag paste) 94 and 96, and it fixes, subsequently, a 
closure metal with the window part 12 which consists a stem 2 top of a quartz etc. while connecting the counterelectrodes 
60 and 62 and electrode terminal 14 of the thermally conductive insulation spacer 6 with Au wire, respectively and enclosing 
inert gas with the interior finally, as shown in drawing 1 — it closes by the member . 10 and considers as a semiconductor 
laser element 

[0023] The conventional thing which joined the sapphire substrate 80 of a semiconductor chip 2 to the support substrate 4 
of the direct stem 2, without forming the thermally conductive insulation spacer 6 mentioned above is oscillation threshold 
current density 3 kA/cm2. At the semiconductor laser element obtained in the above-mentioned example, it is oscillation 
threshold current density 2 kA/cm2 to the element life made into the oscillation wavelength of 420nm having been about 1 
hour. The element life made into the oscillation wavelength of 420nm improved remarkably with about 100 hours. 
[0024] 

[Effect of the Invention] As mentioned above, according to this invention, by preparing an electrode in a side far from the 
growth substrate of a semiconductor chip, joining this electrode and the counterelectrode of a thermally conductive 
insulation spacer, and fixing a semiconductor chip to the support substrate of a stem through a thermally conductive 
insulation spacer, the heat generated in a semiconductor chip could be transmitted to the stem, remarkable cooling efficiency 
has been improved, and the long semiconductor laser element of a life was able to be offered. 
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DESC RIPTI ON OF DRAWINGS ~~ - — — 

[Brief Description of the Drawings] 

[ Drawing 1] It is the elevation in which making a part of semiconductor laser element by one example of this invention into a 
cross section, and showing it. 

[ Drawin g^] It is the cross section in which making it a cross section with the sign A of drawing 1 , and showing a 
semiconductor chip. 
[Description of Notations] 
2 Stem 

4 Support Substrate 

6 Thermally Conductive Insulation Spacer 

8 Semiconductor Chip 

10 Closure Metal — Member 

12 Window Part 

60 62 Counterelectrode 

64 Adhesives 

80 Growth Substrate 

82 N Form GaN Layer 

84 N Form InGaN Layer 

86 P Form GaN Layer 

88 92 Electrode 

90 Insulating Protective Coat 

94 96 Electroconductive glue 
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DRAWINGS 



[Drawing 1] 
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